Abstract-The aim of this study is to propose a simple operation and highly practical measuring instrument. In response to conventional mechanical measuring wheels that mainly measure distance mechanically and inspect wheel wear visually, however, they are unable to monitor it effectively. As the wheel tends to generate wheel problems over time, it will gradually cause inaccurate distance measurement. Thus, a Holtek microcontroller HT66F50 was adopted to allow it to have a measuring function by coordinating with an infrared ranging module and an incremental encoder. Besides, Measurement System Analysis was further conducted to verify whether or not this measuring system is able to comply with the measurement system specifications.
I. INTRODUCTION
As time progresses, many types of distance measuring devices have been marketed to use extensively in our daily life. Among the general measuring tools available are tape measures, measuring wheels, electronic distance measuring instruments, etc. As the conventional measuring wheels only inspect wheel wear visually, they are unable to monitor it effectively. To date, no products are available to monitor the wheel condition on the measuring wheels. As the conventional measuring wheels are functioned mechanically, the longer they have been used, the greater they will generate distance measuring error due to the abrasion problem on the wheel.
II. LITERATURE REVIEW
In the chapter, infrared sensors and encoders will be discussed. Then, the extensive applications of infrared sensors and encoders will be learned.
A. Infrared
Infrared sensors have been conducted by many researchers. A simple infrared sensor is generally composed of a transmitter and a receiver, and the distance calculation of an infrared sensor between the sensor and target is determined by the signal strength emitted by the transmitter to the receiver. Infrared sensors are widely applied in robots [1] [2] [3] . As for automated equipment, it is applied in target detecting to check whether or not an object has come near [4, 5] . Other applications include non-onsite monitoring and detection of pest amount [6] . In addition, the use of infrared sensors can be also widely found in program controls [7] [8] [9] , security systems, distance and depth monitoring, ground sensors, position measurements and controls [10] , obstacle collision avoidance [11] , and map establishment [12, 13] .
Principles of electronic distance measurement are mainly the beam modulation and the pulse-echo method.
1) The Beam modulation method:
The beam modulation method is also known as the phase difference method, which uses the phase difference between the reflected wave and reference wave caused by irradiation of electronic signals on an object. The transmitter will first emit a modulated beam, and if the phase while the receiver is capturing the Echo Signal is referred to as φ, then the Phase Meter will be able to detect the phase difference between the signal transmission and receiving. This has been used to calculate the distance as shown in Fig. 1 . 2) The pulse-echo method: The pulse-echo method uses an emitter to transmit a short and strong pulse. Through the distance traveled by this pulse and reflected by the object to the measuring system, the distance between the measuring system and the object can be obtained by calculating the time difference between the pulse transmission and receiving. Fig. 2 . shows a distance measurement with the pulse-echo method. The pulse is being emitted by a transmission module towards an object. The pulse signal reflected by it can be captured at the receiving end, and the distance can then be calculated based on the time needed for the pulse to travel back and forth. 
B. Optical Encoders
A ruler, vernier caliper and other measuring tools are used to measure distance. A ruleris a relatively simple tool to determine the length and is likely to cause errors. A Vernier caliperis scale that indicates where the measurement lies in between two of the marks on the main scale. It has a fixed scale and a sliding scale. Users can read the left-most tick mark on the sliding scale from the fixed scale. By adding these two measurements, the length of the object can be obtained. Although it is able to enhance accuracy, but the measuring range is small. Thus, the technical advancement has generated a new type of digital measuring tool known as the encoder .
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An Encoder is a one of digital measuring tools and the distance or angle measured is represented by symbols 1 and 0. Most encoders are incorporated with an optical sensor, comprising of the basic elements, a light emitting diode (LED) or other light sources to emit the light, light-transmission grating, and a phototransistor placed in relative position of the LED. Encoders have many types; it can be classified by the operation principle or measurement object of which can be divided into optical, magnetic, inductive and capacitive types. Besides, if based on the calibration and signal output form of an encoder, it can also be divided into incremental and absolute types.
III. BASIC STRUCTURE OF THE DEVICE
As shown in Fig. 3 , the microcontroller will capture the value from the infrared ranging module and transmit it back to MCU to do the calculation. It uses I/O Port both as the LCM signal transmission channel and the user control button to switch to transmission channel. Generally, a measuring instrument is a device for measuring a physical quantity. Thus, the measuring instrument adopted in the study equips with an infrared ranging module, an encoder, a LCD module (LCM), and a8 bits microcontroller unit, shown in Fig. 4 . 
C. Measurement Principle
The incremental grating disc adopted in the study has a fixed diameter of 16.5 cm. An infrared ranging module was used to measure the distance from the infrared end to the wheel, shown in Fig.5 . When the wheel is used over time, its diameter will gradually become smaller due to wear. As the wheel measures the distance in a circular manner, and that the location of infrared ranging module placed by this study could only detect a single wheel surface, so the wheel is wearing off twice as much as its diameter. On the contrary, the distance detected by the infrared ranging module will become greater and greater. Hence, the wheel wear can then be measured. The measurement principle of this study is to use the diameter to calculate the circumference as shown in equation (1) . (1) L is referred to as the circumference; R as the wheel diameter; and π is equal to 3.14.
45 gratings are on the incremental grating disc, so the length of a single grating can be obtained by dividing (1) with the total number of gratings as shown in equation (2). (2) M0 is referred to as one grating; and M(45) as the total number of gratings. After calculating one grating, the distance measured is shown in equation (3). (3) D2 is referred to as the distance measured by this study; and M1 as the grating number that has traveled during the measurement. Fig. 6 . is the distance measured. The distance is calculated from grating between A and B. 
D. The Flow Chart of the Device
To correct wheel wear and measure the distance, it is needed to know the integrated value of the infrared ranging module and the encoder value and then to do the calculation. The flow chart of the device is shown in Fig. 7 . 
IV. RESULTS OF THE STUDY
In the actual measuring, the ceramic tile pavement on the floor is used as the tested object. Each square tile measures 30x30 cm (one grid). Measurements were done from 1 to 10 tiles, respectively. While measuring wheel wear, as it could not be known the immediate wear on the wheel, the wheel was initially bonded with 0.1, 0.2 and 0.3cm of materials to ease measuring.
A. Measurements for Wheel Wear
1) 0.1 cm wheel wear:
Followed up were the measurements of 0.1 cm wheel wear. Table 1 is the average value and error rate of 10 measurements of 0.1 cm wheel wear. The error rate between the average distance measured and actual value is about 1%. 
B. MSA Analysis Report
For the sake of Gauge Repeatability and Reproducibility, or GR&R, Based on [14] , the researcher believes that the analytical method of GR&R measurement system in QS9000 can be used by any hardware manufacturing industries as QS9000, ISO9001 and ISO9002 all belong to a quality management system. Based on Table 4 , the R&R values of grating ranging wheel used by the study in measuring the corrected wheel wear are all less than 10%; thus, it verifies that the measurement results of the study can be accepted by QS9000. 
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Assessment result
<10%
The measurement system is reliable 10% to 30%
The measurement system is credible >30%
The measurement system requires improvement FIGURE IX. MSA DATA.
V. CONCLUSIONS
In this experiment, the greater the distance of uncorrected distance measures, the bigger the error rate will have. Since the study adopted the grating ranging wheel with corrected wheel wear to measure distance, and also took wheel wear into consideration; thus, the greater the distance measured, the smaller the error rate would have.
